Eleven species of trematode larvae (sporocysts and cercariae of Bucephalus labracis Paggi et Orecchia,1965 and Cercaria lata Lespes, 1857 and metacercariae of Acanthoparyphium sp. Dietz , 1909, Caecincola parvulus Marshall et Gilbert, 1905, Curtuteria australis Allison, 1979, Gymnophallus fossarum Bartoli, 1965, Gymnophallus rebecqui Bartoli, 1983, Lepocreadium pegorchis Stossich, 1901, Parazoogonus sp. Looss, 1901, Psilostomum brevicolle Creplin, 1829 and Robphildollfusium fractum Rudolphi, 1819) were found in the clam (Ruditapes decussatus) from Tunisian coasts. A part from B. labracis and Cercaria lata, the other trematode species were recorded for the fi rst time in Tunisia. The examination of the frequency of recorded parasites reveals some monthly variation. This variation is statistically signifi cant by comparing the sampling sites. These results indicate that more frequent parasites (G. fossarum, Cercaria lata, Curtuteria australis and Acanthoparyphium sp.) could be considered as biological indicators making it possible to predict the capture localities of the clams.
Introduction
Ruditapes decussatus (Veneridae) is a widespread bivalve in the world (from southern and western England to the Iberian Peninsula and into the Mediterranean, south to western Morocco and Senegal, west Africa) (Poppe and Goto, 1991) and on the Tunisian coasts (Zammouri-Langar, 1991; Trigui El Menif, 1995; Hamida, 2004; Attia El Hili et al., 2007; Dhraief et al., 2009) . It has an important economic value since its commercialization in the domestic markets and exportation to Europe. The abundance and biomass of this benthic animal have changed signifi cantly. In fact, this bivalve is considered a benthic organism living in the sediment-water interface, and is in constant contact with several pathogens. Among these pathogens, Digenean trematodes are the dominant macroparasites (Lauckner, 1983) , that represent a real danger for bivalves and are often cited as a limiting factor for their production in several countries Gam et al., 2008; Oie, 2006; Potasman et al., 2002) . They have been described in many exploited mollusks as mussels, cockles, oysters and carpetshell clams (Bartoli, 1981; de Montaudouin et al., 2000; Kim & Powell 2006; Krakau et al., 2006; , 2007 . They generally infect individuals of low immunity and may be the main reason of the phenotypic and genotypic perturbations in the host (Poulin, 1995; Poulin et al., 1998; Poulin, 2013) . These disturbances are obviously involved in changing of the behavior of these bivalves (Moore, 2002; Mouritsen & Poulin, 2003; Leung & Poulin, 2007 , 2011 . R. decussatus seems to be exploited by digenean species; indeed, the trematode larval stages can use this mollusk as the fi rst intermediate host but most of them use this bivalve as the second intermediate host (Bartoli, 1965 (Bartoli, , 1973 (Bartoli, , 1981 Hanafy et al., 1997 , Gargouri Ben Abdallah, 2001 Gargouri Ben Abdallah & Maamouri, 2005 , Gargouri Ben Abdallah et al., 2009 . In Tunisia, parasitological research on this shellfi sh has been of little attention and limited to clams from the lagoon of Tunis (Gargouri Ben Abdallah, 2001; Gargouri Ben Abdallah & Maamouri, 2005; Gargouri Ben Abdallah et al., 2009) . The aims of this work are to make an inventory of the parasite species of the clam Ruditapes decussatus within Tunisian coasts, to evaluate the changes in infection parameters with respect to months and localities and to know if these parasites can be con-sidered as biological indicators making it possible to predict the capture localities of the clams.
Material and Methods

Sampling sites
Three sampling sites were selected representing different environmental characteristics. The fi rst station (Rades), has sand to sandy-mud bottom sediments, situated in northern Tunisia (Gulf of Tunis) between 36°47'N, 10°17'E and 33° 26'N, 07° 53'E. Over the year, the water temperature fl uctuated between 12.4 °C to 28.4 °C. The salinity ranged from 35.1 psu in winter and 37.0 psu in summer (Zarrad et al., 2003) . This station is bordered on the north side by the thermal power plant and the channel of Rades, on the west side by the cities and the east side by the sea. The other sampling sites are situated in southern Tunisia (Gulf of Gabes) between 35°40'N, 10°40'E and 47°72'N, 38°15'E (port of Sfax), 34°34'N, 10°36' E and 50°80'N, 41°84'E (Gargour). Port of Sfax is limited on the north side by Kettana Oued, east by the Mediterranean, south by Oued Hagouna and the west side of the continent where are the sources of human pollution as areas of landfi ll, a slaughterhouse and wastewater treatment stations. Station of Gargour is bordered on the north by the port of Sfax, on the east by the sea, on the south by Sidi Farah and west by the village of Gargour. The purifi cation station of shellfi sh and factories are direct source for pollution for this site. The Gulf of Gabes is characterized by sandy, muddy, sandy-muddy, carbonated and sometimes swampy sediment (Drira, 2009 ). The mean temperature and salinity are 21.5 °C and 39.83 psu respectively (Dhraief et al., 2009) .
Sampling and handling of clams
Between October 2009 and October 2010, a total of 3457 Ruditapes decussatus was collected monthly from these three stations: 1734 (84 -176 per month) specimens from Rades, 1234 (54 -136 per month) specimens from port of Sfax and 489 (20 -91 per month) from Gargour. This lamellibranch lives burrowed in sand and silty mud. The clam population was situated 2 to 5 cm above mean low water level and can go deep up to 10 -20 cm in the soil at very low winter temperatures. In this mollusk, the sexes are separate but the hermaphrodites can be found infrequently. Both sexes show a synchronism in gonadal development (Hamida, 2004) . Sexual maturity is reached during the fi rst year. The lifespan is variable and can reach 20 years. The clam, suspension feeder, seems to have a wide feeding spectrum (bacteria, algae, rotifers, detritus...). Its main predators are birds (gulls and oystercatcher….), fi sh (fl ounder, sea bream and triggerfi sh…) and invertebrates (gasteropods, crabs and starfi sh) (Le Treut, 1986; Fischer et al., 1987) . The clams were located visually and hand picked. Back to the laboratory, the samples were placed into glass containers with fi ltered sea water and aerated by a diffuser. This method allows bivalves to get rid of most sand and impurities located between the gills and mantle. Afterwards, the mollusks were observed twice daily, under a stereomicroscope for the presence of naturally emitted cercariae. After two weeks, the clams were measured, weighed and dissected to detect the presence of young sporocysts or metacercariae. The site of infection and the number of each metacercariae were noted; metacercariae were excysted by coverslip pressure. Different reports on parasites in clams were used for species identifi cation (Bartoli, 1967 (Bartoli, , 1984 Allison, 1979; Bowers et al., 1996; Skirnisson et al., 2004 , Gargouri & Maamouri 2005 Russell-Pinto et al., 2006 , Gargouri et al., 2009 , Fredensborg et al., 2013 . The parasitological terminology (prevalence, abundance and mean intensity) followed the defi nitions of Bush et al. (1997) . The signifi cance of the variation of the values of the frequency according to the month and localities of capture was calculated based on the χ²-distance.
Results and Discussion
The digenean fauna of clams from the three sites was represented by 11 species: sporocysts and cercariae of Bucephalus labracis Paggi et Orecchia,1965 (Bucephalidae Pocket, 1907 and Cercaria lata Lespes, 1857 (Faustulidae Pocket, 1926 1901) . Nine digenean species were found in the north of Tunisia (Rades) and 6 species in each site in the south (Gargour and port of Sfax). Four species are common in all investigated localities (Cercaria lata, Acanthoparyphium sp., Curtuteria australis, Gymnophallus fossarum). Bucephalus labracis, Caecincola parvulus, Lepocreadium pegorchis, Robphildollfusium fractum, Parazoogonus sp. were only found in Rades whereas Gymnophallus rebecqui and Psilostomum brevicolle were harvested in both Gargour and port of Sfax (Table 1 ). The relatively low numbers of clams inspected in port of Sfax and Gargour could bias the comparison between sites. The analysis of all parasites present in an individual host of Ruditapes decussatus, revealed that most of these hosts harboured 1 (58.80 %) or 2 (31.32 %) and more rarely 3 (7.14 %) or 4 (2.74 %) species of parasites. These relatively poor infracommunities can be explained by the low rate of transmission or by competitive exclusions or insuffi ciency of resources. The study of the distribution of digenean species within the host showed that sporocysts of B. labracis and Cercaria lata occupied the gonad and digestive gland and rarely the gills. Metacercariae of G. fossarum and G. rebecqui were localized between the mantle and the shell. Acanthoparyphium sp. colonized only the foot and P. brevicolle was restricted to the digestive gland and rarely to the gonad. Curtuteria australis invaded the digestive tract, gonad and the foot. L. pegorchis, Caecincola parvulus, R. fractum and Parazoogonus sp. were harvested from the gonad of clams. The segregation of ecological niches for most frequent parasites (case of Gymnophallidae and Echinostomatidae) is probably related to interspecifi c competition. In fact, by restricting the di- 
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Curtuteria australis, Allison, 1979 Echinostomatidae Cominella glandiformis Poulin, 2007 Poulin, , 2011 have found that these two species occupy different microbiotopes in the host's foot; Acanthoparyphium sp. colonizes the base of the foot whereas Curtuteria australis is concentrated at the tip. They elsewhere believe that the concomitant presence of these two species is due to a change in the immune system of the host. In fact, Leung and Poulin (2007, 2011) (Bartoli, 1967) , metacercariae of P. brevicolle in Cardium edule and Mytilus edulis (Looss-Frank, 1968 ) and metacercariae of Caecincola parvulus in Centrarchid fi sh (Walter, 1941) . Furthermore, Bartoli (1987) claimed that the cercariae of R. fractum, a species which the life cycle is still unknown, encyst on algae because the adults of the family Gyliauchenidae are harvested in herbivorous fi sh. Timon-David (1933 , 1934 and 1936 had found the metacercariae of Zoogonidae species in the muscles of urchins (Panacentrotus lividus, Sphaenechinus granularis, Anbacia aequituberculata, Echinus acutus, Psammechinus micnotubenculatus) but never in mollusks.
Port of Sfax
The study of the monthly distribution of parasites (Tables 2 and  3) showed that G. fossarum and Curtuteria australis were present throughout the year at all sampling sites. Infection by G. fossarum reaching its highest level (parasitism rate reaches 100 % and mean intensity 534.25 specimens) in southern Tunisia is significantly lower in Rades. The highest prevalence (69.16 %) in this last site was recorded in June and the highest mean intensity in December (31.31 specimens). Curtuteria australis was more frequent in Rades than that of port of Sfax, with highest levels of infection in February and January respectively and reached its main prevalence in April at Gargour site. The highest mean intensity value was elsewhere noted at these last localities (27.8 specimens). However Cercaria lata has been detected only during 5 months (November 2009 -March 2010 in the site of Gargour and has been signalled in 4 seasons in the other localities. The highest values of parasitism rate were recorded in September at Rades, in October at port of Sfax and in November at Gargour. The lower frequency values were recorded in June at Rades and in May at port of Sfax. The decrease of this frequency during these two months is, undoubtedly, due to the mortality of the miracidia or the very infected clams following the increase of the temperature of water. Indeed, others authors (Evans & Gordon, 1983; Evans, 1985) think that the life-span of infected intermediate hosts may be shorter because of higher temperatures. Moreover, Desclaux et al. (2004) , in their study about the effect of digenean parasite Himasthla quissetensis on the population death of the Cockle, Cerastoderma edule, found that a high mortality rate of heavily infected cockles is recorded during periods with high temperatures. The variation of frequency according to sampling localities for these three species can be related with salinity, temperature and abundance in the prospected area of the intermediate and the fi nal hosts allowing the completion of their heteroxenic life cycle. Acanthoparyphium sp. has been harvested only for 3 or 4 months, respectively, at the sites of Rades and port of Sfax, and it was more common at Gargour. The highest frequency has not exceeded 5.15 % in January at port of Sfax, reached 23.14 % during August and 88 % in April respectively at Rades and Gargour. However, the highest value of mean intensity was noted at Rades (38.8 specimens). G. rebecqui was absent from the site of Rades and was present only in winter at Gargour or in winter and spring at port of Sfax. The highest values of prevalence were recorded in December for two sampling localities; those of mean intensity were noted elsewhere in December at Gargour and during February at port of Sfax. For the most frequent digenean species (Gymnophallus fossarum, Curtuteria australis, Cercaria lata, Acanthoparyphium sp., Gymnophallus rebecqui), we noted a low monthly variability for the frequencies. Except for Curtuteria australis (χ 2 =15.58, dl=1, p<0.05), the variations of the distribution according to the months are generally not signifi cant statistically in the three sampling localities. However, the variation became more noticeable when we compare the sites. Indeed, for G. fossarum and Cercaria lata, the difference was signifi cant statistically between Rades and port of Sfax (χ²=142.86, dl=1, p<0.05 and χ²= 23.16, dl=1, p<0 .05 for G. fossarum and Cercaria lata respectively) and elsewhere between Rades and Gargour (χ²=111.74, dl=1, p<0.05 and χ²=37.38, dl=1, p<0 .05 for G. fossarum and Cercaria lata respectively). Otherwise, Rades and Gargour (χ²=38.19, dl=1, p<0.05) and between the port of Sfax and Gargour (χ²=35.42, dl=1, p<0.05) whereas it was not signifi cant between Rades and port of Sfax. No signifi cant difference was found between the two localities of harvest (Port of Sfax and Gargour) for G. rebecqui. So if we examine the variations of the distribution according to the sampling localities of the most frequent parasite (G. fossarum, Cercaria lata, Curtuteria australis and Acanthoparyphium sp.) it is possible to consider them as biological indicators of clams stocks. We think that parasitic fauna could be used to predict the capture area for unknown samples. This result allows us to control the harvesting of shellfi sh from polluted sites such as the port of Sfax where fi shing is prohibited. Parasites were elsewhere used for distinction of fi sh stocks in the countries of the northern Mediterranean coast (Arthur & Albert, 1993; Margolis, 1993; Mackenzie, 2002; Power et al., 2005; Timi, 2007) . The digenean fauna of clams has been the subject of research in the lagoon of Tunis (Gargouri Ben Abdallah, 2001 ). The comparison of the digenean fauna from this lagoon with other from Tunisian coasts (Rades, port of Sfax and Gargour) showed a low diversity. Only 3 species were harvested in this lagoon (Bucephalus labracis, Cercaria lata, Lasiotocus longicystis). The last species seems to be specifi c to the lagoon of Tunis and the others are common in all prospected Tunisian localities. The digenean fauna of clams from the Tunisian coasts compared to that of the Arcachon Bay (Dang, 2009 , Dang et al., 2009 showed that in our coasts the diversity is higher. R. decussatus from Arcachon Bay is colonized only with 4 species (Curtuteria arguinae, Himasthla sp., M. fossarum, unknown metacercariae). Compared to Ruditapes philippinarum from Arcachon Bay (Dang, 2009) and from the French Atlantic shore (Lassalle et al., 2007) , R. decussatus from our coasts is elsewhere more infected; manila clams were respectively infected only by 3 species (Curtuteria arguinae and Himasthla continua, Psilostomum brevicole) and 5 species (Himasthla quissetensis, H. interrupta, H. elongate, Curtuteria arguinae, Psilostomum brevicolle) . The digenean diversity of R. decussatus from Tunisian coasts, relatively more important, is undoubtedly related to the strategic situation of Tunisia, that representing a transition zone between the western and eastern Mediterranean, undergoes the infl uence of the Atlantic through the straits of Gibraltar and of the Red Sea via the Suez canal. The temperature, relatively higher on our coasts, can infl uence diversity and frequencies of the intermediate and fi nal hosts. Furthermore, Flasch and Leborgne (1992) think that Manila clams, recently introduced to European waters, are probably free of their natural enemies.
Rades
